Genes for Bowman-Birk type protease inhibitors (BBIs) of wild soja (Glycine soja) and soybean (Glycine max) comprise a multigene family. The organization of the genes for wild soja BBIs (wBBIs) was elucidated by an analysis of their cDNAs and the corresponding genomic sequences, and compared with the counterparts in the soybean. The cDNAs encoding three types of wild soja BBIs (wBBI-A, -C, and -D) were cloned. Two subtypes of cDNAs for wBBI-A, designated wBBI-A1 and -A2, were further identified. Similar subtypes (sBBI-A1 and -A2) were also found in the soybean genome. cDNA sequences for wBBIs were highly homologous to those for the respective soybean homologs. Phylogenetic analysis of these cDNAs demonstrated the evolutional proximity between these two leguminae strains.
BBIs are unique in that each molecule possesses two independent reactive sites against proteases, so that they can simultaneously inhibit two molecules of target enzymes. Each reactive site consists of two consecutive amino acids, and their compositions are the determinants of the inhibitory targets. 3) To date, five major BBIs (referred to as sBBIs in this paper), A, B, C-II, D-II, and E-I, have been isolated from soybean, 11) and cDNAs for sBBI-A, C-II, and D-II have been cloned. 12) sBBI-B was similar to sBBI-A in its inhibitory specificity and amino acid composition. 11) sBBI-E-I was related to sBBI-D-II and occurred by posttranslational proteolysis of D-II. 13) Thus, sBBIs were grouped largely into three types, A, C, and D, with distinct specificities; sBBI-A, -C, and -D inhibit trypsin/ chymotrypsin, elastase/trypsin, and trypsin/trypsin, respectively, at their dual reactive sites.
In our previous study, similar proteinase inhibitory activity was found in the seeds of wild soja, a leguminous plant that has been considered to be the original species of soybean according to its morphology. 14) Seven BBI-type proteinase isoinhibitors, WSTI-I to -VI, and -VIIa, were isolated from wild soja seeds. 15) Partial amino acid sequences of WSTI-I, -III, and -IV, and their inhibitory specificities against several serine proteases, have suggested that they were the counterparts of sBBI-E-I, D-II, and C-II, respectively. Thus the seven WSTIs have also been grouped into three types (wBBI-A, -C, and -D) just like the sBBIs.
Notwithstanding of the previous studies, understanding of the organization of the BBI multigene family has not been fully developed. In the present study, a series of cDNAs (referred to as wBBIs in this paper) encoding WSTIs were cloned. They included a cDNA for wBBI-A2, a novel member of wBBI-A. Its homolog, sBBI-A2, was also found in the soybean genome. By reference to the nucleotide sequence of BBI cDNAs obtained, the phylogenetic relationship will be discussed. The number of isoinhibitor genes was estimated by Southern blot analysis and further analyzed additionally by quantitative PCR.
Cloning of cDNAs encoding WSTIs. RNAs were extracted from immature wild soja seeds by the AGPC method 16) and reverse transcribed into cDNAs using oligo(dT) primer. 17) A cDNA library was constructed using the SMART cDNA library construction kit (Clontech) according to the manufacturers' instruction. Prior to phage vector ligation, cDNAs were amplified by PCR using 3 0 -and 5 0 -adaptor sequence-specific oligonucleotide for enrichment of full-length cDNA.
Screening of cDNA library and nucleotide sequence determination. E. coli XL-1 Blue were infected with 2 Â 10 5 phage clones of unamplified wild soja cDNA library and plated. Plaques were transferred onto nitrocellulose membranes and their DNAs were fixed by UV irradiation. 18) The membranes were then gelatin-coated 19) and hybridization was carried out by incubating them at 50 C overnight in 2X SSC containing 32 P-labeled PCRamplified wBBI cDNA partial fragment as a probe. 20) Hundreds of positive plaques were identified by washing the membranes with 2X SSC containing 0.1% SDS at 60 C followed by analysis using BioImage Analyzer BAS 2000 (Fuji Film, Co., Ltd., Shizuoka, Japan). Through repeated screening, 65 wBBI cDNA clones were finally isolated. Phage DNAs were converted to plasmids by in vivo excision on the basis of Cre-loxP recombination. 21) cDNA nucleotide sequences were determined by the standard dideoxy method using ABI PRISM 377-18 (Applied Biosystems). The nucleotide sequence data for cDNAs encoding wBBI-A1, A2, C, and D are available from GenBank database (Acc. Nos. AB081833-081836).
Comparison and phylogenetic analysis of wBBI cDNAs. cDNA nucleotide sequences encoding wBBIs were aligned and compared using the DNASIS, DNA sequence analyzing software (Hitachi Software Engineering). Phylogenetic analysis was carried out using CLUSTALW on the DNA Database Japan (DDBJ) Web page and phylogenetic trees were drawn using TreeView, tree drawing software developed by R.D.M. Page. A nucleic acid sequence similarity search was done using the BLASTN program on GenomeNet WWW server in the Bioinformatic Center of the Institute for Chemical Research of Kyoto University.
PCR-amplification and analysis of wBBI-encoding sequences. Using wild soja leaf genomic DNAs 22) or cDNA first strand as template, coding sequences for wBBI-A, -C, and -D were PCR-amplified. Isoinhibitorspecific oligonucleotides used for PCR are as follows: common sense primer, ACATGGTGGTGCTAAAGGT-GTGTT; wBBI-A-specific antisense primer, CTTGTT-CATTAGTAGTTTTCCTTGTCA; wBBI-C-specific antisense primer, TTGTTGATTAATTCCTAGTCATCA-TCT; and wBBI-D-specific antisense primer, ATT-TGAGAGAGCTATTAGTTTTTCTAG. To determine whether WSTI genes contain an intervening sequence(s) or not, amplified DNA fragments were electrophoresed on 0.8% agarose/TBE gels and their lengths were compared. Amplified DNA fragments for wBBI-A were further subjected for digestion by Hin dIII, for which the coding sequence for wBBI-A1 alone contains a recognition site, followed by agarose gel electrophoresis to separate these two PCR products. For quantitative analysis, genomic DNA and cDNA first strand were diluted to 5-, 25-, and 125-, and 625-fold and used as templates for PCR, to analyze the PCR products during the logarithmical increment. Amplification products were simultaneously electrophoresed using the 2100 BioAnalyzer with a DNA 7500 LabChip (Agilent Technologies, California, U.S.A.). According to the intensities of the resulting DNA bands, the ratios of the sequences encoding wBBI-A, -C, and -D in the genome and the RNAs were estimated.
Southern blot analysis. Genomic DNAs were purified from leaves of wild soja and soybean by improved urea/ phenol method, 22) and 5 g of each were digested with restriction enzyme Hin dIII, followed by electrophoresis on 0.8% agarose/TBE gels. DNAs were then transferred onto a Hybond N+ charged nylon membrane (Amersham Bioscience, New Jersey, U.S.A.) and fixed by UV irradiation. 23) Three blotted membranes were prepared in the same way and were employed for hybridization experiments using three probes specific for wBBI-A1, -C, and -D, respectively. The DNA fragments used as probes were prepared by PCR amplification using cloned cDNAs as templates. The membranes were soaked overnight in Church's hybridization solution 24) containing 32 P-labeled respective probes at 50 C, then washed in 0.1X SSC containing 0.1% SDS for 1 h at 70 C. The hybridization patterns were visualized using the BioImage Analyzer.
Amplification of the flanking regions of wBBI genes. One g of wild soja genomic DNA was digested with Hin dIII and the resulting DNA fragments were then circularized by self-ligation reaction. Using these DNAs as templates, the flanking regions of the wBBI-A, -C, and -D genes were amplified specifically by inverse PCR.
25) The isoinhibitor-specific oligonucleotides used were as follows: common upward primer, ACATGG-TGGTGCTAAAGGTGTGTT; wBBI-A-specific downward primer, CTTGTTCATTAGTAGTTTTCCTTGT-CA; wBBI-C-specific downward primer, TTGTTGAT-TAATTCCTAGTCATCATCT; and wBBI-D-specific downward primer, ATTTGAGAGAGCTATTAGTTT-TTCTAG. The lengths of the amplified DNA fragments were estimated through agarose gel electrophoresis and those fragments compatible with the results of Southern blot analysis were cloned into a plasmid. The nucleotide sequences of selected clones were determined using ABI PRISM 377-18 (Applied Biosystems).
Results

Cloning, sequencing, and comparison of cDNAs encoding wBBIs
Partial fragments of cDNA were amplified from wild soja mRNAs using oligonucleotide corresponding to a conserved 5 0 -untranslated sequence of sBBI cDNAs.
12)
After these were confirmed to encode wBBIs, they were used as probes for the screening of a wild soja cDNA library. Then 65 cDNA clones encoding wBBIs were isolated. All the cDNAs were nearly 450 bp in length and contained open reading frames encoding amino acid sequences identical or similar to the purified WSTIs. 15) According to the amino acid sequences deduced, these cDNAs were grouped to three categories; 60 clones showed similarities to sBBI-A, 4 clones to sBBI-C-II, and 1 clone to sBBI-D-II. 26) Hence they were designated as wBBI-A, -C, and -D, respectively. Each wBBI showed a high degree of sequence similarity to its soybean counterpart (Fig. 1 ). In particular, the nucleotide sequence of wBBI-D was identical to that of sBBI-D-II. There are only three nucleotide differences between wBBI-C and sBBI-C-II, and this does not affect their encoding amino acids. Thus, the amino acid sequences of wBBI-C and -D are identical to those of sBBI-C-II and -D-II, respectively (Fig. 2) . The first/ second reactive sites of wBBI-A, -C, and -D were LysSer/Leu-Ser, Ala-Ser/Arg-Ser, and Arg-Ser/Arg-Ser, cDNA nucleotide sequences encoding wBBIs are aligned by the CLUSTALW program. Positions at which the bases are identical to those of wBBI-A1 are indicated by dots. Deleted positions are shown by hyphens. Open reading frames are shaded. The Hin dIII cleavage site in the wBBI-A1 sequence is indicated by asterisks. Boxed nucleotides corresponds to the positions at which the differences were found as cDNA sequences were compared to those of respective soybean counterparts. cDNA-deduced amino acid sequences of four wBBIs are aligned. Pro-sequences and mature peptide sequences are shown in lower and upper case letters, respectively. Arrowheads indicate sites for post-translational cleavage to produce the mature wBBI proteins, WSTI-I to -VI and VIIa. 15) The sites with open symbols ( ) are predicted from molecular masses, isoelectric points, or elution patterns of chromatography of WSTI-II, -V, and -VI (see Discussion). Amino acid sequences of the first and second reactive sites are indicated by asterisks. Boxed residue, 66 Gln of BBI-A1, indicates the only distinction between the amino acid sequences of wBBI proteins and those of respective soybean homologs. respectively (Fig. 2) . Their respective target enzymes appear to be trypsin/chymotrypsin, elastase/trypsin, and trypsin/trypsin, respectively, and these are identical to the corresponding soybean BBIs.
26)
The presence of two subtypes, BBI-A1 and -A2, in genomes of wild soja and soybean
The cDNAs designated wBBI-A were further divided into two subtypes, A1 and A2, according to small differences in their nucleotide sequences (Fig. 1) . The nucleotide substitutions were found at 11 positions and the nucleotide identity was 97%. Some of the nucleotide differences between wBBI-A1 and -A2 result in amino acid substitutions, as shown in Fig. 2 . These differences may not be an artifact, errors in PCR, for example, because multiple clones for each subtype were isolated from the cDNA library; 31 and 29 clones were isolated for wBBI-A1 and -A2, respectively. In order to confirm this, the genomic distribution of these two subtypes was determined by restriction analysis. Using an oligonucleotide specific to both subtypes, the coding sequences of wBBI-A1 and -A2 were amplified simultaneously by PCR from wild soja genomic DNAs. Since only the coding sequence for wBBI-A1 contains a cleavage site for Hin dIII (AAGCTT, Fig. 1 ), the PCR products for wBBI-A1 and -A2 are separable by Hin dIII digestion followed by agarose gel electrophoresis. As shown in Fig. 3 , DNA fragments corresponding to wBBI-A1 and -A2 were detected at similar intensities for all the wild soja specimens tested, suggesting that these two subtypes for wBBI-A occur from distinct genes in the wild soja genome and not from polymorphic alleles in the genome.
To date, only sBBI-A has been purified from soybean as the A-type inhibitor.
27) It has long been believed that no other sBBI-A gene is present in the soybean genome. Hence we investigated the presence of the A1 and A2 subtypes in the soybean genome by restriction analysis, as described above. DNA fragments that correspond to sBBI-A1 and -A2 could clearly detected, as cited in Fig. 3 (right end) . The PCR products for sBBI-A were then cloned into plasmids, and clones encoding two different subtypes were isolated. One of these was identified as sBBI-A1, which encodes an sBBI-A protein originally purified from soybean seed, and the other was identified as sBBI-A2, a soybean homolog of wBBI-A2. The sequence data corresponding to these two sBBI-As were also found in the EST sequence resource. When a BLAST search was performed using wBBI-A1 as a query sequence, 38 and 18 EST sequences corresponding to sBBI-A1 and -A2, respectively, were retrieved. These results indicate that both wild soja and soybean contain two BBI-A genes.
For a better understanding of the relationship between the BBIs of wild soja and soybean, a phylogenetic tree was constructed by the neighbor-joining method. 28, 29) The short distances between each homolog indicate that only a short time has passed since wild soja and soybean diverged (Fig. 4) . In addition, the configuration of the tree suggests that the BBI-A ancestor molecule diverged into A1 and A2 just before the divergence of the two species.
Southern blot analysis for BBI genes
Similarly to BBI-A genes, the presence of two or more subtypes was expected for BBI-C and -D genes in the wild soja and soybean genomes. To estimate the number of genes encoding BBI-type isoinhibitors, Southern blot analysis were carried out for Hin dIIIdigested genomic DNAs. Hybridization probes were prepared by PCR-amplification of the coding sequences of cDNA clones, wBBI-A1, -C, and -D, respectively. The number of DNA bands detected in gel can be Genomic sequences encoding wBBI-A1 and A2 were PCRamplified simultaneously from genomic DNAs extracted from 10 wild soja specimens. The amplified DNA fragments were treated with Hin dIII and were electrophoresed on 1.0% agarose gel so that the fragment for wBBI-A1 was cleaved into two fragments and was distinguishable from that for wBBI-A2. The bands corresponding to DNA fragments of wBBI-A1 and -A2 are indicated. The same experiment was performed for soybean DNA, and this is shown in the right panel.
Fig. 4. Phylogenetic Relationship of BBIs of Wild Soja and Soybean
Based on Their cDNA Nucleotide Sequences. The phylogenetic tree was constructed by the neighbor-joining method. The numbers at the nodes stand for boot-strap probability. The horizontal bars are drawn to scale and represent the numbers of nucleotide substitutions per site. To establish the root of the tree, the cDNA nucleotide sequence for Oryzasativa BBI-type proteinase inhibitor (GenBank Acc. No. U57640) was analyzed additionally and taken as outgroup.
considered to reflect directly the number of genomic loci homologous to each probe, since not all BBI genes analyzed contain an intervening sequence or a Hin dIII cleavage site, except for the BBI-A1 gene, which has a single Hin dIII site. With a BBI-A-specific probe, the DNAs of wild soja and soybean showed identical profiles, and four bands could be detected (Fig. 5) . Two of these bands may arise from the A1 subtype gene, and one seems to correspond to the A2 subtype. The rest implicate the third gene for the BBI-A isoinhibitor, which has not been cloned. BBI-C-and BBI-D-specific probes have also visualized multiple DNA fragments, although some of these appear to be cross-hybridized bands in view of the sequence homology between the two probes. Considering the bands shared by the two probes, the numbers of wBBI-C and -D genes in the wild soja genome are estimated to be at least 3 and 1, respectively. On the other hand, soybean gave a somewhat different profile, and 2 sBBI-C and 1 sBBI-D gene were estimated.
Quantitative analysis of the expression of wBBI genes As described above, many clones for wBBI-A were obtained, whereas only a few clones for wBBI-C and -D were isolated from the wild soja cDNA library. In order to determine whether this difference reflects biased expression of wBBI genes, amounts of transcripts of wBBI-A, -C, and -D genes were analyzed by quantitative PCR (Fig. 6) . When wild soja genomic DNA was used as template, the ratio of PCR product for wBBI-A, -C, and -D was estimated to be approximately 3:3:1. This ratio perhaps reflects the numbers of each type of wBBI gene in the genome, because it was in good accordance with the ratio estimated by Southern blot analysis.
On the other hand, the same reaction was performed using the cDNA first strand synthesized from mRNA of immature wild soja seeds for specific amplification of the transcripts of wBBIs. The ratio of the products amplified was quantified to be approximately 2:1:1. As compared with the results from genomic DNA, the values for the wBBI-A and -C transcripts were apparently lower, implying that the transcription of some genes related to wBBI-A and -C were suppressed or that the stabilities of their transcripts were much lower.
Sequence analysis of the 5
0 -flanking regions of wBBI genes
To examine the mechanism that causes suppressed expression of some wBBI genes, their 5 0 -flanking sequences were determined. The inverse PCR 25) has revealed that 0.6-, 1.1-, and 1.4-kb DNA fragments were amplified with primers specific for wBBI-A, -C, and -D, respectively. Their partial sequences are shown in Fig. 7 . The nucleotide sequences were highly conserved up to approximately 200 nucleotides upstream from the transcription start sites (þ1 position), whereas no similarity was found between their precedent sequences. The conserved upstream region appears to contain some elements that involve in transcription regulation. In particular, sequences ''TATAAATA,'' compatible with TATA-box consensus, were found at the À33 to À26 positions in all the sequences (Fig. 7) . On the other hand, an additional 1.2-kb DNA fragment was amplified by the inverse PCR specific to wBBI-C. This DNA fragment, referred to wBBI-C, consisted of an open reading frame that encodes the protein homologous to wBBI-C. Comparison of its nucleotide sequence with that of wBBI-C showed a low homology in the upstream region, whereas the sequences of the transcribed regions were highly conserved (Fig. 7) . Importantly, the absence of a TATA-box-like sequence in the expected region would suggest that the wBBI-C gene is inactive for transcription. In addition, the amino acid sequence corresponding to the first reactive site of wBBI-C, AlaSer, was substituted by Thr-Ser in wBBI-C, which disagrees with a consensus of any reactive sites for proteases (data not shown). This suggests that the protein from the wBBI-C gene does not function even if the gene is expressed.
Discussion
To date, 7 Bowman-Birk type isoinhibitors, A, B, C-I/II, D-I/II, E-I, have been identified from soybean seeds. We have also purified 7 isoinhibitors, WSTI-I to -VI and -VIIa, from wild soja seeds. 15) These results, Five g of DNAs extracted from wild soja (W) and soybean (S) were digested with Hin dIII, electrophoresed on 0.8% agarose gels, and blotted onto nylon membranes. Three blots were prepared simultaneously and hybridized with 32 P-labeled cDNA fragments prepared by PCR specific for wBBI-A1 (A), -C (C), and -D (D), respectively. They were washed in 0.1X SSC containing 0.1% SDS at 68 C and analyzed using the BioImaging Analyzer. The bands which appear to have cross-hybridized to probes C and D are indicated by arrowheads.
together with the morphological proximity of the two plants, 16) indicate that soybean and wild soja possess identical sets of BBI genes. The correlation of isoinhibitors between the two species, however, is so far incomplete, because some isoinhibitors, such as soybean C-I and D-I, have been neither isolated nor sequenced.
11)
Previous studies have shown that soybean and wild soja BBIs are classifiable into three types with respect to inhibitory specificities against their target enzymes. The occurrence of multiple forms such as soybean D-II and E-I, which arose from a single gene by post-translational proteolysis, however, has complicated the classification of BBIs from these plants.
In the present study, BBI-A2, a novel subtype of BBI-A, was discovered in the genomes of soybean and wild soja. When compared with the original BBI-A protein encoded by the BBI-A1 gene, the amino acid sequence deduced from the BBI-A2 gene contains a substitution of Glu 3 by Asp 3 . Odani and Ikenaka 11) have reported that the amino acid composition of soybean BBI-B is Nucleotide sequences around the transcription start sites of wBBI-A1, -D, -C, -C, and 13:10, which is a putative wBBI-A-type pseudogene, 27) are aligned. The sequences to be transcribed, which were determined from cDNA sequences, are shown in capital letters. Nucleotides conserved among wBBI-A1, -C, and -D are shaded. The nucleotide positions at which wBBI-C is identical to wBBI-C are indicated by plus signs. The nucleotide positions at which 13:10 is identical to wBBI-A1 are indicated by asterisks. TATA-box sequences and initiation codons of wBBI-A1, -C, and -D are boxed. The numerals at the top show the nucleotide position in setting the transcription start site of wBBI-A1 at þ1. To compare the amounts of the wBBI-A, -C, and -D genes and their transcripts, the respective coding regions were PCR-amplified specifically using genomic DNA (gDNA, upper) or immature seed cDNA (lower) as templates. The PCR products were electrophoresed and quantified using the Agilent BioAnalyzer. According to the results for the reactions in which the amplifications were not saturated (indicated by asterisks), the quantitative ratios among wBBI-A, -C, and -D were estimated to be approximately 3:3:1 for the genes and 2:1:1 for the transcripts.
very similar to that of BBI-A except for an additional Asp residue in BBI-B. The elution profile of soybean BBIs by ion-exchange chromatography would predict that BBI-B is more acidic than BBI-A. 11, 15) These data strongly suggest that isoinhibitor B is a product of the BBI-A2 gene.
Judging by the results of Southern blot analysis, the genomes of soybean and wild soja contain third genes homologous to BBI-A. Although we examined 60 cDNA clones for wBBI-A in this study, we did not find any clone other than for BBI-A1 and -A2. This result suggests that the putative third BBI-A gene is not transcribed or that it is identical to BBI-A1 or -A2 at least in its coding region. Hammond et al. 27) have reported the cloning of a genomic clone, 13:10, which encodes a BBI-A-like protein with two amino acid substitutions. But a completely matching transcript could not be identified. When the nucleotide sequence of 13:10 was compared with wild soja BBI genes, 13:10 showed no homology to the wBBI-A1, -C, or -D genes in the promoter regions and lacked a TATA-boxlike sequence (Fig. 7) . These facts imply the possibility that 13:10 is the third BBI-A gene predicted in our study and is a pseudogene (the ''BBI-A'' gene in Table 1 ).
In previous study of soybean proteins, the C-II isoinhibitor was isolated and characterized in detail, whereas no other isoinhibitor with similar inhibitory specificity was isolated. On the other hand, two isoinhibitors, WSTI-IV and -V, purified from wild soja seeds, showed the same specificities as soybean C-II. 15) Although the amino acid sequence of WSTI-V has not been determined, a mass spectrum analysis revealed that the molecular mass of WSTI-V was less than that of WSTI-IV by 130 Da, which was in accordance with the molecular weight of a Lys residue, 128.2. This indicates that WSTI-V is a truncated protein of WSTI-IV by removal of the N-terminal Lys residue (Fig. 2) . The soybean inhibitors C-I and C-II also appear to be in a similar relationship as judged by the chromatographic pattern of these proteins on an anion-exchange column. 11) In the present study, we obtained only 4 clones for BBI-C, and all of them had identical sequences. But two different cDNA fragments have been amplified by BBI-C-specific RT-PCR for wild soja seed RNA. 15) One clone, ws-c-3/4, encoded WSTI-IV, and the other, ws-c-1/2, contained a substitution of Asn 4 for His 4 . This previous result implies the presence of another active gene for the type C category (the ''C2'' gene in Table 1) in the wild soja genome in addition to the wBBI-C and wBBI-C genes, although its expression product has not yet been identified.
Three type D proteins have been identified from both soybean and wild soja: sBBI-D-I, -D-II, and -E-I of soybean and WSTI-III, -II, and -I of wild soja. Odani and Ikenaka 13) have reported that sBBI-D-II differed from -E-I only at the N-terminal 9-amino acid extension, suggesting that these proteins occur by proteolysis at different sites of a common gene product. The amino acid sequences of WSTI-III and -I were identical to those of BBI-D-II and -E-I, respectively. 15) In addition, the N-terminal sequence of WSTI-II was identical to that of WSTI-I except for an additional Asp residue at the N-terminal (unpublished data). Soybean D-I may be identical to WSTI-II as judged from the elution profile on an anion-exchange column. 11, 15) Putting these facts together, we can postulate the presence of a single gene for BBI-D both in the soybean and the wild soja genomes, and all three BBI-D proteins arise from a single BBI-D gene product by post-translational proteolysis (Fig. 2) . This is also in good agreement with the results of Southern blot analysis. It is unknown what the advantage of production of multiple BBI-Ds might be, since no difference in inhibitory specificities has been detected.
The present study has elucidated that the wild soja genome contains three wBBI-A, three wBBI-C, and a single wBBI-D (Table 1 ). The gene organization of the sBBIs in the soybean genome appears to be almost identical to that of wild soja except for the lack of an additional active gene for BBI-C. The comparison between wBBI-C and wBBI-C genes showed a high homology in the coding regions, whereas the flanking sequences, including the promoter regions, were not conserved. A similar feature was also found in the wBBI-A gene (13:10) .
BBI-type protease inhibitors from rice have a structure containing repeated soybean BBI-like motifs, suggesting that they arose by duplication of an ancestor gene. 30) At least four BBI genes form a multigene family in the rice genome. 31) As the result of a database search, six putative rice BBI genes clustering in a 27-kb sequence of chromosome 1 were found in the GenBank sequence data of the rice genome (accession No. AP003233). To examine the possible clustering of wBBI genes in a narrow region, we attempted to amplify the intergenic region between distinct wBBI b Predicted from elution timing from anion-exchange chromatography (11, 15) . c Predicted from the results of Southern blot analysis. d Predicted from molecular mass (15) . e Amplified by RT-PCR for wild soja seed mRNA (15) .
genes by long PCR reaction, but no amplified product was obtained with any combination of BBI-A, -C, and -D-specific primers (data not shown). These genes may reside apart from each other or on different chromosomes. In conclusion, the BBI gene families of leguminae and gramineae are quite different not only in the domain structure of the inhibitor molecule (two-vs. four-reactive sites) but also in the organization of the multigene family in the genomes (dispersed vs. clustered).
